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PREFACE. 


Mine fires, and other mine disasters in which many men may have 
their lives snuffed out in a moment or may suffer the agony of slow 
asphyxiation, have always commanded the attention and sympathy 
of the public, although the total loss of life from such disasters makes 
only a small percentage of the total deaths in mining. 

It is generally assumed that coal mines are more subject to fires 
than metal mines because the material mined is more combustible. 
This is true as to the number of fires but not as to the loss of life 
when comparison is made on the basis of the relative number of coal 
miners and metal miners. 

Fires in coal mines usually happen at face workings, but these 
fires rarely cause loss of life; coal mines have mechanically produced 
and controlled ventilation and generally there are several ways of 
escaping from the vicinity of a fire. In metal mines, on the con- 
trary, few of the older mines have controlled ventilation and some 
have only one practicable means of exit in an emergency—that is, 
the main shaft—and if it is cut off by fire, practically no way of 
escape remains. 

Since 1869, when a fire in the Avondale (Pa.) colliery killed 179 
men and a fire in the Gold Hill mines of the Comstock-Nevada Co. 
caused the death of 41 men, records show the loss of 986 men in coal 
mines and about 520 men in metal mines. Therefore, in the 53 years 
the average annual loss of life in coal mines has been 18 and in 
metal mines 10. 

It is the deep hoisting shaft, usually timber lined, with numerous 
timbered landings, that presents the great fire hazard in metal mines. 
Too often the emergency exit is only a series of offset raises with 
old ladderways, which, if the mine is very deep, make quick escape 
impracticable when there is a fire in the hoisting shaft or one of its 
landings. 

Most mine fires can be charged to carelessness by some one—the 
miner who is negligent in handling lights or the management that 
permits imperfect equipment or allows old smouldering fires to 
break out. 

In former years many serious fire hazards were caused by the use 
of candles, timber or other combustibles being ignited by burning 
candle ends left around. Later one of the principal causes of fires 
was oil lamps, especially the careless throwing of smouldering wick 
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ends into débris. With the introduction of acetylene lamps the 
hazards from these causes have been lessened. and should the illumi- 
nating power of the electric cap lamp, now so extensively used in 
coal mines, be increased enough to satisfy the miner and the man- 
agement, use of this lamp would practically eliminate all kinds of 
fires from individual lights. There would, however, still remain the 
hazard due to the carelessness of the smoker, 

To offset the lessening of hazards through the discarding of 
candles and oil lamps, another fire hazard has been introduced 
through the extensive use of electricity. Many advantages follow 
the use of electricity, and its general introduction into mines must 
be accepted as labor saving. but electric installations must be care- 
fully watched. Many fires have been attributed to the grounding 
of wires through improper installation of power lines and of 
illuminating circuits. 

Finally, the greatest preventive measure is a good mine organiza- 
tion; should a fire occur by chance this organization is all important 
for fighting it. It is certainly better to train the men before the 
fire occurs than attempt to do so in the face of great emergency. 
If the men have received training they instinctively do the right 
thing, whereas if they have not been trained they may be stupefied 
by the danger threatening them or their fellow workmen. 

The Bureau of Mines, soon after its establishment and after the 
3elmont mine fire in 1912. issued a technical paper! that discussed both 
metal mines and coal mines, and also published a miners’ circular 2 
concerning coal-mine fires. Since then the bureau from time to 
time has made recommendations in connection with the revision 
by various States of their mining regulations and in formulating 
requirements for lessees of mineral deposits on the public domain. 

The recent terrible disaster in the Argonaut mine, California, has 
caused renewed study by metal-mine operators and State inspectors 
to lessen the fire hazards, and with that in view this paper has been 
prepared. The authors of this paper are well qualified to write on 
the subject, as each has taken part in fighting metal-mine fires 
in various parts of the country and in operations to rescue men 
entombed by fires. 

Grorce S. Rice, 
Chief Mining Engincer. 


Rice, G. S., Mine fires, a preliminary study: Tech. Paper 24, Bureau of Mines, 1912 
51 pp. 

2Paul, J. W., Mine fires and how to fight them: Miners’ Circ. 10, Bureau of Mines, 
1912, 14 pp. 
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METAL-MINE FIRES. 


By D. Harrineron, Byron O. Pickarpv, and H. M. Wo trun. 


INTRODUCTION. 


An underground fire may start in any metal mine and the super- 
intendent who is unprepared to combat it is inviting a catastrophe. 

What are the chief causes of underground fires?) What can be 
done to prevent them? What is the best method of controlling or 
fighting them? These typical questions are being asked by mine 
superintendents. Technical literature contains comparatively little 
on the subject. 

The purpose of this paper is to point out how metal-mine fires 
may start and how the hazard of fire can be lessened. There is no 
intent to criticize individual mines and only two fires are mentioned 
by name. 


RESULTS OF METAL-MINE FIRES. 


Although fires in metal mines are not frequent, they undoubtedly 
cause greater annual loss of life and property than does any other 
extraordinary occurrence in metal mining, such as electrical storms, 
floods, cave-ins, magazine explosions, or even strikes. 

Since many mine fires result in no loss of life, the general public, 
even the general mining public, rarely hears of them, although the 
property loss, to the mine involved, may reach hundreds of thousands 
of dollars. 

Loss of life in 57 metal-mine fires in the United States since 1866, 
as tabulated under “ Causes of fires” herein, reaches 520 and the list 
is far from complete. The loss of life in metal-mine fires during 
the past five years in the United States has aggregated well over 200. 
Comparatively few lives are lost through actual contact with heat 
or flames, though occasionally men are trapped in a cage in a 
burning shaft, or in a flaming timbered drift. Also occasionally men 
are killed by falling material when timbers are weakened by fire. 
Suffocation from gases is probably responsible for at least 90 per 
cent of the deaths. Unfortunately it happens frequently that a 
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fire in one mine sends poisonous fumes into adjoining mines which 
are connected, and particularly when the mines are interventilated. 
This spreading of fumes into adjoining properties has cost many 
lives and, in addition, has resulted in prostration and “near” 
deaths of hundreds of unsuspecting workers in mines which in them- 
selves had no fires. 

COSTS. 


A fire in a large copper mine has burned continuously for over 
30 years, causing the loss of several lives and of several million dol- 
lars in damage done, cost of fighting it, ete., to say nothing of the 
tving up of hundreds of thousands of tons of valuable ore. Another 
fire, which has been burning about 15 years, has cost several lives at 
various times and has tied up more than a million tons of ore; 
the money expended in trying to control it would probably aggregate 
several millions. A third fire resulted in the Joss of over 20 lives 
and cost the mining company well over $150,000. In a fourth mine 
the loss of life was high and the aggregate loss in dollars and cents 
was much more than $300,000. Numerous instances can be cited of 
comparatively recent fires in metal mines in which deep shafts have 
been lost, or pumping or other stations with expensive machinery 
destroyed. Where conditions are such that flooding is necessary to 
extinguish a fire, the losses due to caving ground and damaged or 
destroyed machinery and cquipment, as well as the cost of introduc- 
ing the water and subsequent dewatering, only too frequently total 
hundreds of thousands of dollars. In fact, few mine fires in which 
the fire has obtained a fairly good start have been handled for less 
than $10.000, and the average cost of a fire in a metal mine is several 
times $10,000. 

Loss of life and property loss are not always proportionate; some 
of the most destructive metal-mine fires have been accompanied by 
little or no loss of life, whereas after a few fires by far the greater 
part of the financial cost to the operating company was compensation 
paid on account of deaths. 

Miners fear fire more than any other underground occurrence, and 
a mine that has had a fire has more or less of a “ black eye ” in their 
minds. At times of labor shortage this fecling tends to intensify the 
difficulty of obtaining a full working force. Particularly is this 
difficulty felt if the fire is still burning, even if scaled and apparently 
under absolute control. Moreover, a sealed fire may creep through 
into unexpected places and cause the death of underground workers. 
Even if there are no fatalities there are frequently a number of 
prostrations due to poisonous gases. 

Mines with sealed fires usually must resort to expensive ventila- 
tion installations and practices to overcome high air temperatures, 
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or to remove noxious gases which escape from the fire area through 
cracks in strata, or in bulkheads. Also, the mines must be protected 
by extensive and expensive patrols. 


CAUSES OF METAL-MINE FIRES. 


Combustibles present in metal mines include timber, sulphide ores, 
carbonaceous shales, explosives, oil and grease, gas, gasoline, oily 
waste, empty explosive boxes and sawdust, and miscellaneous ma- 
terials such as newspapers, discarded clothing, hay, manure, un- 
burned residue in ashes drawn from the surface through raises, ete. 

Timber is by far the most important and most widespread of thes: 
combustibles, and whether piled in a drift ready for use or whether 
in place in the workings, whether in large or in small quantity, 
whether wet or dry, whether crushed in the matte of a caving system, 
or present as solid massive posts, caps, or girts, whether in an abso- 
lutely open place or in an abandoned back-filled stope, timber may 
burn, and in burning it will give off considerable quantities of 
poisonous gases, notably carbon monoxide. Also, it will transmit 
fire quickly from place to place with resultant caving of ground and 
other forms of destruction. Timber is not known to ignite spon- 
taneously, but if there is present some method of ignition, fire 
readily travels into back-filled, timbered stopes, or into wet, timbered 
shafts or other workings, and may travel against the air current as 
well as with it, down a timbered shaft as well as up, and may convert 
an upcast shaft into a downcast, though generally shaft fires tend to 
convert downeast shafts into upcasts. 

Sulphide ores, particularly when in fine state of division, burn with 
ease, especially if in more or less close contact with burning timber; 
rarely, if ever, does massive sulphide ore in place burn. Copper 
sulphides seem to ignite more easily and burn more readily than 
the other sulphides commonly met in mining. In the timbered 
back-filled stopes of some metal mines there is 15 to 35 per cent. of 
combustible material divided between timber (15 to 20 per cent) 
and low-grade sulphide ores or waste (5 to 15 per cent). 

Carbonaceous shales not only burn but frequently, by spontaneous 
combustion, ignite timber or other combustible material. Explosives 
such as used in metal mines may burn if unconfined, though generally 
they explode when ignited. Oil and grease used or stored under- 
ground burn readily and may supply a dangerous source of spon- 
taneous ignition in the form of oily or greasy waste. Gasoline used 
or stored underground, and empty explosive boxes and sawdust, 
constitute a more or less common fire menace. Hay and manure at 
underground stables, and newspapers and magazines at undergroun'l 
pump and other stations are also dangerous. The old-time practice 
(now largely discarded) of throwing old clothing, old hay and 
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manure, or decayed timber into abandoned raises, and making raises 
up to surface ash-piles and drawing the ashes into mines, has resulted 
in some destructive fires. 

The following table concerning metal-mine fires in the United 
States has been compiled from the Transactions of the American In- 
stitute of Mining and Metallurgical Engineers, from Technical 
Paper 252 of the Bureau of Mines, and from other sources. While 
admittedly incomplete, it gives a fair basis upon which to discuss 
causes of fires in metal mines and the resulting loss of life. 


Cause of metal-mine fires. 


oper, 
of men 
Causes, Name killed 
under- 
ground. 
Candles, in connection with timber. 30 108 
Carbide lamp against timber. ....-... 3 0 
T'roviding heat for various purposes (warming 10 21 
Spontaneous COMHUSUONT occ seesis so ced softs soa se teeeuceegs secs Fesedaececsdstee 15 5 
girder surface structures, asphyxiating men underground or damaging mine work- Ff as 
BIAS Seer te Fe A at ee cs ls doy pena aWw a ESA a mba y lage s keh een Lagihecvaie nae ee tedenpewices 
Flectrical equipment 4. ........ 8 191 
UNCON ALAN oe eatin ces 5s sin. dadats 2 13 
Revival of old fires. 3 3 
EX plosives ec. sca scvcheesscctite 0s 4 5 
DANOWH EA. 2. casas canto sete esos tate Tea ren sees Var seeer la See mebeUbet SasaSe 29 177 


é peaes fires started by oil lanterns, warming stoves, fires used to thaw pipes etc, 
ncludes spontaneous fires {rom storing ashes and manure underground, firing of carbonaceous sheler, 
sa thetatied fires started in surface structures by lightning. stoves, defective wires, smoking, etc. 

4 Includes North Butte fire which started by contact of open flame of miner's lamp against exposed in- 
sulation of 1,200 fect of lead armored cable, which had fallen down shaft, no current having passed through 
Oe haces only instances where fire started in connection with explosives. 

® Probably includes u number of fires caused by candles; also includes Argonaut fire, Aug. 27, 1922. 

Candles have undoubtedly started more metal-mine fires than any 
other single agency and in the table above it is probable that at least 
half of those fires, whose source is listed as “unknown,” should be 
assigned to candles and the number of fires caused by candles should 
be several times that given in the table. Happily, candles have been 
largely superseded by acetylene (carbide) lamps. These lamps are 
listed as responsible for three fires; the number is undoubtedly low, 
but there is no doubt that the carbide lamp constitutes a far less 
dangerous fire hazard than candles. Nevertheless, a carbide lamp 
in the hands of a careless miner may cause a bad fire. “Spent” 
carbide from lamps should not be emptied near timber, as it can 
readily cause ignition under certain circumstances. 

A number of the fires given in the table under “ Providing heat 
for various purposes” have started from small heating stoves or simi- 
lar devices for warming oil, thawing explosives, or heating lunches. 
Under this head come such sources of fires as smoking, blacksmith 
forges, air reheaters, steam pipe against timber. Under “ Spontaneous 


Google 


CAUSES OF METAL-MINE FIRES. 5 


combustion ” are listed fires in isolated, partly abandoned, and poorly 
ventilated places in which there is slow oxidation of some carbona- 
ceous substance such as carbonaceous shale or slate, old hay or manure, 
old clothing, gunnysacks, ashes pulled from surface from a boiler 
plant, discarded oily waste in contact with timber, and so on. Occa- 
sionally spontaneous fires are reported as having started wholly from 
oxidation of timber, but it is entirely probable that there was some 
other source of ignition, such as a small amount of oily waste, or 
old hay. Sulphide ores, particularly copper and iron sulphides, fire 
readily when in moving ground where they are crushed and heated. 
Carbonaceous shales or slates are most dangerous as a fire hazard 
when they contain pyrite and are in moving ground. Spontaneous 
fires rarely result in fatalities and the five deaths listed occurred 
during the period when fire-fighting operations were in progress, 
long after the fires began. 

Fires transmitted to mines from surface structures and deaths of 
underground workers from surface fires are so numerous (over 10 
per cent of the total number listed) as to make advisable the taking 
of precautions against this unfortunate contingency. Far too many 
inflammable surface structures above shafts or at portals of tunnels 
or inclines are not constructed to keep fire or fume from being trans- 
mitted to workings. At least one of the fires listed under “ Surface 
structures” was caused by lightning; other causes were defective 
wiring, smoking, overturned or defective heating stoves. ete., in tim- 
ber structures. 

Since the practical elimination of candles, electrical equipment 
undoubtedly constitutes the greatest fire menace in metal mines and 
the number of fires listed, 8, most certainly does not represent the 
total number from this cause in any one year at present. The num- 
ber of deaths from such fires is high because of the inclusion in this 
list of the North Butte mine fire in June, 1917, with 163 fatalities. 
The original cause of that fire was the ignition by a carbide lamp of 
the insulation of a wrecked lead-armored cable in a shaft, but as the 
cable had not been installed electricity was not directly responsible. 

The number, two, of fires that can be definitely attributed to incen- 
diarism is remarkably low, especially in view of what might have 
been done by enemy sympathizers during the war. It is probable, 
however, that some of the fires listed with cause “ Unknown” were 
incendiary, and it is equally probable that some listed as of “ Spon- 
taneous origin” were incendiary. Under “ Revival of old fires” it 
is probable that considerably more fires than three could be listed, 
and although only four fires with five fatalities are charged against 
“ Explosives,” some of these fires were very destructive of property 
and it is almost certain that many additional ones have been started 
by explosives especially in blasting timber underground. 
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As has been indicated, it is probable that many of the fires with 
cause “ Unknown” were of spontaneous or incendiary origin, were 
caused by candles, or by defects in electrical wiring or installations. 
Although incomplete, the list of 115 fires with 580 fatalities indicates 
that fires in metal mines constitute a real problem and the fact that 
a considerable number of the fires and nearly half of the fatalities 
were during the past seven years, shows that the problem of reducing 
fire hazards demands attention. 


SAVING OF LIFE AND CONTROL OF FIRE. 


Every mine should have a carefully prepared plan of action in 
case of fire—a plan that recognizes that doing the right thing 
promptly may save life. There should be at least two openings 
through which men may escape and if the mine is deep and employs 
a considerable number of men, it should have two shafts with hoist- 
ing equipment able to remove the men from the mine with minimum 
delay. There should be more than one system of shaft signals, and 
a system of signaling from the moving cage is highly desirable. At 
all mines there should be men trained in the use of oxygen mine 
rescue apparatus, and able to give first aid to persons overcome by 
fumes. Large mines should have available modern oxygen breathing 
apparatus and first-aid supplies, as well as the fire-fighting equip- 
ment detailed under “ Fire prevention.” Although oxygen breath- 
ing apparatus can be used to great advantage at the time of a fire, 
its limitations must be respected. Fire-fighting or rescue work with 
it should be under the direction of some person of experience who 
understands the apparatus and its limitations. Although the ap- 
paratus is heavy and awkward, it can be used effectively and safely. 
Gas masks which absorb certain poisonous gases but do not supply 
oxygen are distinctly dangerous to use in underground fire fighting, 
in the opinion of the authors, as oxygen deficiency or concentrated 
gases may be encountered. 

Cagers, hoistmen, bosses, timekeepers, etc., should have an under- 
standing as to measures to be taken on the outbreak of a fire; no- 
tification of persons underground and their prompt removal from 
the mines; notification of adjacent intersecting mines; of mine 
officials; of State inspector; of safety man or men and those trained 
in the use of oxygen breathing apparatus, and possibly of doctors 
and ambulances. There should be one responsible person through 
whom all orders should be transmitted ; a multiplicity of bosses means 
conflicting orders, confusion, and possibly an unnecessary loss of life. 


EXITS. 


Few, if any, occurrences are more terrifying to the miner than 
the smell of wood smoke. Panic only too frequently ensues and 
most of the deaths occur from the panic and during the first hour 
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of the fire. The worker naturally rushes to the opening through 
which he ordinarily leaves the mine, and if this is closed by 
fire or smoke, he is trapped unless acquainted with other means of 
exit; consequently, more than one exit should always be available 
and in condition for travel and the bosses should see that every 
miner is told the location of such exits. Signboards denoting the 
direction to possible exits should be placed at frequent intervals and 
kept in good condition at all times. It is equally advisable to close 
by signboards, or otherwise, intersecting passageways leading to 
blind ends or to places of danger, yet this precaution is rarely, if 
ever, taken. 

Miners at the face frequently learn of the fire too late to get out 
of the mine safely, yet only infrequently are miners killed at the 
face. Since promptness of notification is obviously desirable, vari- 
ous methods for warning miners have been devised, such as alter- 
nately turning the compressed air on and off, or filling the com- 
pressed air lines with water; use of a mine telephone system, some 
of the telephones being at main distribution points close to the 
working face; or introducing a stench into the compressed air lines; 
in all cases, the miners are acquainted beforehand by posted signs, 
or verbal instructions from bosses, as to the significance of the warn- 
ing sign chosen. 

BARRICADES. 


In their eagerness to reach the accustomed place of exit miners 
fight their way through smoke, and too often lives are lost unneces- 
sarily. The smoke fumes are deadly, but retreat is generally open 
to some other exit or, if necessary, some blind end workings with 
good air can be found which can be sealed off by boards, clothing, 
mud, etc., and rescue made later. (See Pl. I, A.) Inthe North Butte 

, fire, in 1917, many lives were lost because the men battled their way 
through smoke toward the main hoisting shaft, but 6 men in one place 
and 25 in another saved their lives by barricading themselves in 
blind ends, the 25 being rescued after about 36 hours’ imprisonment 
and the 6 after about 55 hours. 

In choosing a place to barricade be sure that the space barricaded 
will hold enough air, and avoid broken ground through which fumes 
may penetrate. All openings to the place should be sealed air-tight. 
At a recent metal-mine fire a number of men who bulkheaded them- 
selves unfortunately chose a place that had been worked out from 
below and back filled, and the fumes penetrated through the filled 
ground. At another fire a number of lives were lost because the men 
failed to take into consideration an open raise; fumes entering 
through the raise killed all within the sealed area. 
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Some mining companies now have, at various points, refuge cham- 
bers with air-tight doors; in these are placed barrels of water, com- 
pressed-air lines, and possibly compressed foods and telephones, the 
intent being to provide a place of retreat in case workers are trapped 
by fire, cave-in, or otherwise; and it is urged that every metal mine 
having but one opening to the surface be provided with such places 
and that they be kept in good working order at all times. 


GASES. 


Many lives have been lost in metal-mine fires and many persons 
have been overcome, and there has been much useless expenditure of 
time, money, and effort from lack of understanding of fire gases, 
and the available methods of detecting and handling them. A con- 
siderable percentage of poisonous gas (chiefly CO) is likely to be 
present in the smoke encountered during the first few hours of fire, 
and frequently the fire gases contain so much CO that a compara- 
tively few inhalations are fatal, yet miners seem to feel safe in walk- 
ing considerable distances into smoke. Another source of danger is 
the recklessness with which metal-mining men, including bosses, enter 
underground places from which dense smoke has disappeared after a 
fire. Men with technical education and years of experience openly 
state they feel perfectly safe so long as a candle will burn, or even so 
long as a carbide light will burn, ignoring the fact that either a candle 
or a carbide lamp may burn normally in an atmosphere containing 
enough CO or other poisonous gas to cause death in a comparatively 
few minutes. Many deaths have resulted, even in late years, from 
this ignorance of mine-fire gases. Bodies have been found with car- 
bide lights still burning brightly near by. On the other hand, a 
few deaths from some foolish move in gas may cause an excessive 
timidity in workers around a fire. A few years ago a large number 
of men working around an underground fire spent much the greater 
part of the time near the shaft supposedly recuperating from head- 
ache, etc., from fire fumes, yet analysis of the air showed no danger- 
ous gases and bosses present had no headache. Had the bosses known 
that small amounts of the dangerous gases from fires quickly affect a 
mouse or a canary, those timid workers could have been held at work 
by supplying them with a mouse or a bird in a cage and a candle. 
They would know that the air contained enough oxygen so long as 
the candle burned and that so long as the small animal shows no 
distress there are no dangerous amounts of noxious gases present. 

In addition to studying mine-fire gases, companies having fire 
menace should be equipped with Orsatt gas-analysis apparatus and 
possibly with carbon monoxide detectors, though for detecting car- 
bon monoxide and similar poisonous gases a small animal or a bird 
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A. METHOD USED IN BARRICADING BY MINERS—TIMBER, LAGGING, CAN- 
VAS TUBING, COATS, JUMPERS, TROUSERS, AND MUD. OF EIGHT MEN WHO 
ENTERED THE BARRICADED AREA, SIX WERE RESCUED AFTER 55 HOURS’ IM- 
PRISONMENT. 


B. MINE DOOR WITH COMPARATIVELY LITTLE LEAKAGE. 
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A. METAL-MINE DOOR THAT PERMITS ONLY MINIMUM LEAKAGE. NOTE 
THE SLIDING DOOR WITHIN THE MAIN DOOR; IT PERMITS PASSAGE OF A 
SMALL AMOUNT OF AIR, IF DESIRED, AND CONTROL OF THE AMOUNT. 


B. FAN HOUSE AT A METAL MINE; IT IS ESSENTIALLY FIREPROOF AND SO CON- 
STRUCTED THAT AIR CURRENTS MAY BE REVERSED IN A FEW MINUTES BY 
MANIPULATING SEVERAL DOORS. 
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VENTILATING EQUIPMENT. 9 


is probably the most efficient means’at hand. Use of a bird is thor- 
oughly practical and sensible notwithstanding the ridicule with 
which it is commonly received. A study of analyses of products 
of combustion during fire fighting is of great assistance in determin- 
ing methods of control. 


VENTILATING EQUIPMENT. 


The recent disaster at the Argonaut mine in California, where the 
escape of 47 men was cut off by fire in the main shaft, has foeused 
attention on the importance of every mine having two methods of 
quick exit. In deep mines this means two shafts to the bottom level, 
hoisting equipment in each, and the intaking shaft fireproofed. If 
these precautions are not feasible, then there should be ventilating 
doors near each landing, and these doors should be so installed that 
a reversal of the air current will not open them; in addition emer- 
gency fire doors should be placed at strategic points to quickly iso- 
late an incipient fire in any part of the mine. 

The establishment of a carefully designed, efficient, mechanically 
controlled ventilation system with (1) air-tight doors so placed as 
to isolate shafts from mine levels (see Pl. I, B, p. 8, and Pl. II, 4, 
p- 9), (2) with air splits held absolutely separate from each other, 
and (3) with the main man travelway a downcast or intake, is prob- 
ably the best and most effective method of protecting both life and 
property in case of fire. Positive mechanical control of air currents 
at all times is essential, and even small defects in ventilation arrange- 
ments may be very costly. A leaky door which only partly holds 
air at ordinary times and fire fumes in time of emergency (see PI. 
III, A), an open level between main intake and return shafts, 
or an open raise or crosscut between separate splits, or anything 
which allows short-circuiting of air is likely to be dangerous. Even 
the trolley slot in doors or doorways should be made as small as 
possible. Doors held closed only by air pressure are extremely dan- 
gerous, as they will probably open if the direction of the air currents 
changes, a common occurrence during fire. Doors that must be 
closed by personal effort are dangerous as they probably will be left 
open by panic-stricken workers. Hence all ventilating doors should 
be equipped to c/ose automatically. 

Ventilating one mine through another is dangerous, for experience 
has shown that a fire in either mine may result in the prostration 
or death of men in both. The mine that ordinarily delivers air to 
its neighbor may in a fire receive deadly fumes through the reversal 
of air currents. This danger from interventilation of mines is pres- 
ent whether the mines are owned by separate companies or by one 
company. and whether ventilation is natural or is mechanically con- 
trolled. though the danger is less with mechanical ventilation. 
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The main ventilating fan should be in fireproof housing and, if 
possible, should be on the surface. A system of doors, at or near the 
fan, should be provided to permit changing the direction of air cur- 
rents with minimum delay. However, at the time of a fire the ordi- 
nary direction of underground air currents should not be reversed 
until the effect on those underground has been considered thoroughly. 


FIRE-CONTROL METHODS. 


No municipal fire department shoulders the burden of handling 
a fire in a mine; the entire responsibility falls upon the mine organ- 
izations. Hence a relatively small amount of time, attention, and 
financial outlay for fire-fighting organization and equipment will be 
repaid many times by enabling a prompt attack just when attack is 
most effective. 

In a recent shaft fire caused by short-circuiting of wires, men 
equipped with oxygen breathing apparatus went down in the cage 
and quickly extinguished the flames with fire extinguishers. At 
another fire, in a timbered raise of a mine that has efficient ventila- 
tion equipment by manipulation of doors, the fumes were forced 
away from the fighters and fire extinguishers and water were used 
effectively before the fire could spread. In another mine a small 
flame was seen at a switch box at a timbered shaft station. The 
fire covered an area of less than 4 square feet, but no fire extinguisher 
was available and no sand. Before needed equipment could be as- 
sembled the flames had spread to the shaft and the entire shaft of 
nearly 3,000 feet was ultimately lost. A small fire was found in a 
timbered shaft of another mine; there was no available method of 
quickly turning water into the shaft and there were no extinguishers 
or water hose or attachments at near-by stations. Before water 
could be obtained the fire got beyond control; the timbering in the 
shaft was destroyed for several hundred feet and several stations 
caved tight. 

Tf a fire can be directly and promptly attacked by an appropriate 
method it generally can be extinguished before material damage is 
done. Hence emergency equipment such as fire hose, extinguishers, 
etc., should always be available at critical points. After a fire has 
obtained a start its control is much more difficult. Frequently the 
exact location of the fire is not known and to find it requires much 
dangerous work, in which the use of ventilating equipment and of 
oxygen mine rescue-apparatus are almost indispensable. Lack of 
either of these agencies greatly handicaps effort, adds to the danger, 
and vastly increases the ultimate cost of controlling the fire. 

Much the most satisfactory method of extinguishing a mine fire 
is to reach the burning material and use a fire extinguisher, sand, or 
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water, Sometimes it is practicable to load out the burning material. 
Inasmuch as most metal-mine fires start in a timbered shaft or in 
a shaft station, or a pump, compressor, or other station near by, it 
is extremely advisable to have all shafts and shaft stations fire- 
proofed or equipped with perforated pipe lines into which water 
may ‘be turned by manipulation of valves, preferably from the sur- 
face. Some up-to-date mining companies have pipe lines placed to 
sprinkle every square foot of the main shaft and the shaft stations. 
Automatic fusible-plug sprinkler systems can be utilized. Turning 
water into an upcast shaft may, however, change the direction of the 
air current, provided the ventilation is not mechanically controlled, 
and care must be taken that such reversal may not result in loss of 
life. 

Only too frequently the fire obtains much too great a start to be 
handled directly, or it is in an inaccessible place or a place where 
falling material prevents actual contact, and recourse must be had to 
other methods of attack. To control such fires the most successful 
and acceptable method is to place seals of dirt, clay, sand, gob, 
boards, canvas, or preferably concrete, in such manner as to confine 
the fumes within a comparatively restricted area and permit no 
leakage of air into the reyion. As a rule this can be done only after 
much dangerous effort. Where the seals are made tight and kept so 
by constant watchfulness, and where the surrounding strata are not 
broken, the oxygen content of the air is soon depleted below the 5 
or 6 per cent necessary to support combustion. If the region is 
then allowed time enough to cool before being opened, the fire is 
generally controlled with minimum expense, though even then the 
cost may mount into the thousands or even into the hundreds of 
thousands of dollars. 

When an entire mine must be sealed or when workings with much 
open space (say, 1,000,000 cubic feet or more) must be sealed, ex- 
tinguishing a fire by sealing is likely to be long drawn-out and may 
be impracticable. This is especially true when there is any oppor- 
tunity for air leakage to other mines through intersecting veins or 
connecting workings, or there are breaks or openings of any kind to 
the surface. In such cases some other method of control must be 
utilized though in any event sealing is likely to be an important part 
of it. The usual method of overcoming a metal-mine fire when 
sealing is not effective is to flood. This method is costly, both in 
itself and in its effects. Sometimes steam is introduced to extinguish 
a fire, sometimes an inert gas, such as carbon dioxide, is used, and 
sometimes water is introduced through diamond drill holes and 
coursed through the region. One fire of long standing is now being 
gradually overcome by the introduction of hundreds of thousands of 
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tons of mill tailings through diamond drill and other holes. This 
process seems to be accomplishing desired results, after sealing and 
other available methods had proved unsuccessful. 


ORGANIZATION AND EQUIPMENT FOR CONTROLLING MINE FIRES. 


Reference has been made under “ Saving of life” to the necessity 
for an organization at every mine to handle possible fires. It is ex- 
tremely advisable that periodical meetings of mine officials be held 
to discuss mine-fire precautions. The practical suggestions brought 
out should be carried into effect. The bosses should caution their 
men as to moves to be made immediately upon discovery of fire— 
’ the saving of life, of course, to take precedence. 

It is of extreme importance that material, apparatus, etc., on hand 
for use in case of fire be subjected to periodical inspection and be 
tested at least occasionally under conditions approximating those of 
an emergency. To find that fire extinguishers are out of order, or 
hose spanners lost, or fire hose broken, or valve wheels displaced, 
after much dangerous effort has been made to get into position to 
fight a fire, is exasperating. Lack of proper attention to such details 
is one reason why many mine fires get out of hand through unneces- 
sary delay in attack. It is of particular importance, not only at 
emergency work on a new fire, but at the more long drawn-out task 
of controlling an established fire, that orders on fire fighting go 
through some one person’s hands to prevent confusion; otherwise 
duplication of orders will cause it. 

An efficient system of mechanical ventilation, as previously dis- 
cussed under “Saving of Life,” is of great value in fighting a fire, 
and mechanical ventilation is now being placed at some metal mines 
where its chief use is to be in connection with possible fires. Besides 
a large fan to control main air currents (see Pl. II, B, p. 9), some 
mining companies have smal] auxiliary fans on trucks with a supply 
of flexible tubing and other accessories for controlling ventilation 
locally from strategic points near underground fires. Some mining 
companies combine ventilation doors with fire doors, and erect con- 
erete jambs with metal doors at points well located to isolate main 
air courses when desirable. This permits controlling air flow as 
well as fire or fire fumes. It is desirable that the metal doors be 
made so that they close against the side of the concrete jamb rather 
than against a groove in the jamb (see Pl. ITT. B, p. 8. and Pl. IV, 
A). for in the latter case any settlement of ground that affects the 
concrete jamb will likely prevent the closing or opening of the door. 
It is equally desirable that the door have a positive latch by which 
it may be opened from either side; the latch should be so made 
that it will not rust tight or otherwise become inoperative. (See 
PI. V, Ay) 
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A. PROPERLY CONSTRUCTED FIRE DOOR AND LATCH. 


| B. AN UP-TO-DATE FIREPROOF HEAD HOUSE AT ONE OF THE LARGEST METAL 
| MINES IN THE UNITED STATES, 
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BUREAU OF MINES TECHNICAL PAPER 314 PLATE VI 


IN CASE OF ie IN SHAFT 


OPEN THESE VALVES 


A. AN EXCELLENT METHOD OF DENOTING ACTION TO BE TAKEN IN CASE OF 
FIRE IN A SHAFT. NOTE ESPECIALLY THAT ALTHOUGH VALVES ARE ON THE 
SURFACE, THEY CONTROL SPECIFIC POINTS ALONG THE SHAFT. 


B. ELECTRIC MOTOR PLACED DANGEROUSLY CLOSE TO TIMBER. THE PLACE 
SHOULD HAVE BEEN FIREPROOFED OR SOME OTHER METHOD OF SUPPORT 
PROVIDED. 
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BUREAU OF MINES TECHNICAL PAPER 314 PLATE Vi! 


A. AN ELECTRICALLY DRIVEN FAN PLACED CLOSE TO TIMBER. NOTE THE FIRE 
MENACE IN THE WIRES AND FUSE, BY WHICH FIRE COULD BE QUICKLY SPREAD 
TO THE TIMBER CAP. THE PLACE SELECTED WAS BAD, AND SHOULD HAVE 
BEEN FIREPROOFED WITH PLASTER, GUNITE, OR BY A SIMILAR METHOD. 


B. FIRE DOORS AT THE PORTAL OF AN ADIT LEVEL OF A METAL MINE IN 


CALIFORNIA. 


Original from 
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ORGANIZATION AND EQUIPMENT. 13 


Telephones connecting surface points to shaft stations and to 
centrally located places at which men work or gather underground 
are important fire-fighting accessories. It is desirable to have air 
lines connected to water lines in such manner that water may be 
turned into the air lines at the surface or at various points under- 
ground. The valves controlling this transfer should be plainly 
designated by appropriate signboards. If feasible, water lines should 
be taken underground through more than one opening, especially 
in large mines. 

A mine that can afford the cost should have the compressed air 
and telephone lines enter through more than one opening. In every 
mine, large or small, the underground water line should have a 
diameter of at least 2 inches. At least 50 feet of fire hose should 
be placed at important stations, permanently connected to the water 
line and with nozzle attached, so that by turning a conveniently 
located valve the water will be available without delay for a fire in 
the shaft or shaft station. 


BULKHEADS. 


In fighting a mine fire the cement gun is extremely useful for 
cementing broken ground to prevent escape of fumes, and for mak- 
ing bulkheads of timber, rock, or boards air-tight, and even for con- 
structing cement bulkheads, 

Where fire is in moving or heavy ground, rigid bulkheads of 
cement or rock are inefficient and bulkheads of timber laid skin to 
skin can be held tight much more readily. Even with cement and 
rock bulkheads it is frequently advisable to construct the upper part 
and possibly the sides of a bulkhead of clay in order to prevent 
the bulkhead cracking when the ground moves. 


OXYGEN MINE RESCUE APPARATUS. 


The use of oxygen mine rescue apparatus (recommended under 
“ Saving of life”) has proved of immense service in combating metal 
mine fires. Many large companies maintain individual mine rescue 
stations; other companies support cooperative stations. 

Every mine, large or small, should have its bosses, samplers, 
surveyors, and others trained in the use of oxygen mine rescue ap- 
paratus so that they may be of service when the apparatus must be 
used underground. Moreover to have men available who are ac- 
quainted with mine fire gases and their detection and are trained in 
methods of treating asphyxiated persons is worth many dollars to a 
mining company at the time of a fire. 

18107 °—23 
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14 METAL-MINE FIRES. 


FIRE PREVENTION. 
INFLAMMABLE STRUCTURES. 


Fires in inflammable surface structures too often have spread to 
shafts, causing enormous damage to property and appalling loss of 
life. Hence it is desirable that surface structures be of noncombustible 
material or, if inflammable, should be at least 100 feet from the mine 
entrance, or should be fireproofed by gunite or other method and 
thoroughly protected by water lines, hose, sprinkler system, etce., 
always kept in good condition. AJl combustibles should, as far 
as possible, be kept out of structures near mine entrances and the 
use of fires, matches, or smoking materials should be restricted. 

Plate VII, 2, shows a fire door at the portal of an adit of a metal 
mine in California. 

One mining company, at a cost of nearly $50,000, replaced with 
steel and concrete a well-constructed timber shaft-house still in the 
best of condition, because of the possibility of fire in the timber shaft 
house. The elimination of the danger to workers underground not 
only showed humanitarian motives, but good business instinct and 
common sense (Pl. IV, B, p. 12). It reduced the cost of fire insur- 
ance and guaranteed that underground operations would not be inter- 
rupted through surface fires. 

Intake air shafts are generally dry and, if timbered, constitute a 
continual fire hazard. As a large proportion of the fires in metal 
mines have originated at or near shafts, it is desirable that downcast 
shafts be of concrete; if such construction is not feasible, all dry- 
timbered shafts and shaft stations should be fire-proofed by gunite, 
slabs, or otherwise. In the fireproofing it will pay to make the shaft 
lining smooth and thus greatly facilitate the flow of air and improve 
ventilation. 

In fireproofing with gunite it-is advisable at intervals of about a 
hundred feet (preferably just above stations) to take out about one 
set of timbers around the shaft and concrete back to the rock walls 
to prevent fire creeping in timber behind the gunite. 

As many fires in timbered shafts have been started by electric wires, 
it is desirable, where feasible, to transmit electric power underground 
through drill holes. It is done satisfactorily at several mines. If 
power wires must be taken through dry downcast shafts, it is advis- 
able to fireproof at least that part of the shaft containing the power 
wires, 

Where it is not deemed feasible to fireproof dry downcast shafts 
with concrete or gunite, the shafts should be thoroughly protected 
by sprays or water pipe with fusible plugs or with perforated pipe 
and with suitably placed valves so that in event of fire in the shaft 
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any section may readily be drenched with water. Preferably the 
water lines should be controlled from the surface. The lines should 
be provided with suitable pressure-reduction valves and signboards 
should show the exact location of the control valves. As heretofore 
indicated, at each important shaft station there should be at least 50 
feet of fire hose, nozzle attached, connected to the water line and 
with valve controls near at hand, well designated by signboards (PI. 
VI, A), in order that water may be always available without delay, 
on the stations or in the shafts. 

Timbered upcast shafts that are usually damp or even wet, or 
downcast shafts where some or all of the timber is damp, may burn 
readily if fire gets a good start in a dry, heavily timbered station or 
other adjacent working. Hence fire protection and fire prevention 
should not be neglected even in upcast shafts or in shafts or stations 
where the timber is usually damp. Only a few years ago a fire that 
started in a station off a wet upcast shaft of a metal mine in Mexico 
burned the shaft completely out and cost the lives of more than 50 
men. 


ILLUMINATION. 


As has been indicated, many disastrous fires have been started by 
candles, hence it is advisable that the use of candles for lighting be 
discontinued. Acetylene lamps are by no means as potentially 
dangerous as candles but they have started several fires. Electric 
cap lamps are in successful use in gaseous coal mines, and it is prob- 
able that their introduction into metal mines will not only decrease 
the fire hazard but will also lessen the cost of lighting. 


EXPLOSIVES. 


Shots of explosives, especially near timber or in blasting timbers, 
have caused many fires, several of them very destructive. Some 
metal-mining companies have shift bosses, who act as “ fire bugs” 
and travel through the working places after blasting, to look for 
fires, burning fuse, etc. Where this is not feasible, as in blasting out 
timbers or timber matte in caving systems, blasting can be done 
electrically by hand-operated blasting machines, thus eliminating the 
fire hazard and fumes due to fuse. For blasting timber in some places 
the relatively safe permissible explosives used in coal mining can 
be substituted for ordinary gelatin or ammonia dynamites. In any 
event. it is advisable not to blast more than six holes in timber at the 
same time and place. It is also poor practice to use old or partly 
spoiled explosive. 
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16 METAL-MINE FIRES. 
ELECTRICITY. 


The chief menace in metal mines to-day comes from the rapid ex- 
tension of the use of electricity. Some dangerous faults or practices 
commonly met are as follows: 

1. Carelessness in installing, operating, and repairing under- 
ground electrical equipment. 

2. Electric motors installed close to timbers or in heavily tim- 
bered stations or under heavily timbered stgpes or raises. (See Pls. 
V, B; VI, B; and VII, A.) 

3. Wires carrying current are strung carelessly on timbers, and 
often are attached only by nails, rope, or small pieces of wire. 

4. Trolley wires touching timber caps. 

5. Light globes leaning against timber caps, posts, or girts. 

6. Starting compensators with no-voltage release locked into 
position. 

7. Fuses bridged by heavy copper wire. 

8. Circuit breakers locked into place. 

9. The cheapest, poorest quality of knife switches attached directly 
to timbers. 

In fact, the carelessness with which underground electrical in- 
stallations are handled is appalling, and fires are the inevitable result. 
Besides the large number of fires known to be caused by electricity, 
many fires of “ unknown origin” should be charged to defective elec- 
trical installations. 

The remedy for all this carelessness is obvious; only competent, 
dependable men should be employed as electricians, and all electrical 
work should comply with standards even more exacting than those 
established for surface structures. Wires should be thoroughly in- 
sulated from timber supports and repairs when necessary should be 
made promptly and properly instead of in the usual slipshod way. 
Electric motors should be on fireproof bases (concrete, steel truck, 
etc.), and should not be close to timber even in temporary installa- 
tions. If possible, they should not even be placed in heavily tim- 
bered sections of the mine. When an electric motor is installed in a 
timbered region, the place should be fireproofed by gunite, or other- 
wise, even though the motor is to stay in the place only a few weeks. 
Klectric switches should be of the inclosed, externally operated type, 
of substantial, safe construction, attached to fireproof base, and the 
region around the base should be fireproofed by plaster, gunite, etc. 
Wires leading from a switch should be thoroughly fireproofed. 
Switches should be provided at several places (see Pl. V, @, p. 13) 
on each level to permit cutting off current without undue delay, and 
the location of each switch should be shown by suitable colored light 
or by a signboard. Trolley locomotives and mules should be super- 
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seded, if feasible, by storage-battery locomotives, the charging sta- 
tions to be made fireproof. Where trolley wires are guarded by 
troughs, the sections of the trough should be made of noncombus- 
tible material, as fires have been transmitted several hundred feet 
along trolley guards in absolutely untimbered drifts. 


INFLAMMABLE MATERIALS. 


Underground storage of small quantities of gasoline by elec- 
tricians and repairmen, or of oil and grease for use on cars or drilling 
machines is common but is poor policy. Many “old-timers” com- 
placently store 5-gallon cans of gasoline, an open can of oil, an open 
box of dynamite and several unopened boxes, and several hundred det- 
onators within a few feet of each other along the timbered side of a dry 
shaft station within a few feet of the main hoisting (and traveling) 
shaft, and think a nonsmoking rule is pure nonsense. Although the 
custom of using shaft station for storage of oil, explosives, deto- 
nators, etc., is more or less general, especially at small mines, it is 
none the less extremely unsafe. Even where a separate explosives 
magazine is provided, only too frequently it is left open to all comers, 
who enter with a lighted candle or carbide lamp. Empty explosives 
boxes, sawdust, paper, and spoiled explosives are permitted to lie 
about the magazine. AJl underground storage magazines should be 
kept under lock and key; explosives should be distributed by an at- 
tendant at some stated time; open lights should be excluded from a 
magazine and no spoiled explosive, empty or broken boxes, sawdust, 
or other inflammable waste should be allowed in or around it. 

The practice of dumping oily waste, old hay, manure, and like ma- 
terials in abandoned workings should be discontinued. Where seal- 
ing is feasible abandoned workings should be sealed air-tight; this 
allows of recovery of material, stops leakage of ventilating currents, 
and if done effectively will prevent spontaneous fires. Smoking 
underground should be prohibited, and this rule should apply as 
rigidly to bosses as to other employees. Unless they are absolutely 
unavoidable, open fires or flame of any nature whatsoever should be 
excluded from underground workings. 


ORGANIZATION. 


Thorough organization and equipment for preventing fires and for 
fighting them promptly and effectively results in no fires or in the 
restriction of fire loss to a negligible sum. One metal mine with a 
big fire hazard has elaborate surface and underground fire organiza- 
tion and equipment. So effective have been the precautions that 
only one fire has started and that was extinguished at a cost of less 
than $100. Although the cost of the installation and its maintenance 
has been considerable, the protection afforded has allowed this 
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dangerous mine to operate freely at immense profit to its owners, who 
admit that if a fire obtained a good start the mine probably would 
be a totai loss, or its recovery would cost hundreds of thousands of 
dollars. 

All bosses, surface and underground, as well as clerks and time- 
keepers, should be brought together into an organization to discuss 
from time to time possible fires, and to determine definitely what 
each should do if a fire started on the surface or underground. In 
the mine office should be posted and kept up to date a list of names 
and addresses of persons to be notified in case of fire, including mine 
officials (manager, superintendent, foremen, etc.), safety men, oxygen 
mine rescue apparatus men, State inspector, doctors, ambulances, etc. 
All bosses, cagers, motormen, drivers, and samplers should be made 
fully acquainted with the location of valves and of electrical switches, 
and instructed as to action to take at time of fire—first, for assuring 
the safety of the men; and second, for protecting property. As al- 
ready stated, bosses and others familiar with the mine should be 
trained in the use of oxygen mine rescue apparatus, and bosses at 
least should be familiar with mine-fire gases, their danger, and the 
methods of detection. Above everything else, discipline of the strict- 
est order should be maintained and, as far as possible, all orders 
should go through one person in the event of fire. 

Every mine should have always available a supply of canvas fire 
hose, with nozzle and connections to fit surface or underground 
water-pipe, possibly a small portable fan with canvas tubing, and 
at least a dozen three-cell electric flash lights with plenty of batteries 
and a number of readily portable fire extinguishers. A large mine 
should have at least five sets of oxygen mine rescue apparatus with 
a supply of oxygen, regenerators, and all other accessories, but no 
mine should purchase or have on the property for use underground 
any type of gas mask, as these masks are dangerous in underground 
atmospheres during or after fires. Smaller mines or mines at which 
oxygen apparatus may not be available, can obtain apparatus, 
necessary supplies, and the advisory services of men accustomed to 
fighting fires by applying to the nearest United States Bureau of 
Mines safety car or station, and if the address of a car is not known 
can obtain quick action by wiring for help to the Director, United 
States Bureau of Mines, Washington, D. C., who will promptly notify 
the nearest available safety car. 


CONCLUSION. 


If any mine superintendent will take the time to prepare an esti- 
mate of what a serious mine fire will cost, he will appreciate the fact 
that money expended in removing fire hazards is money well spent. 
The cost of a fire is directly proportionate to lack of preparedness. 
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